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Leather Research and Technology at the 
National Bureau of Standards 

A Review and Bibliography 

Everett L. Wallace 

A siiiiimarj’ of the activities of the Leather Section Organic and Fibrous Materials 
Division, of the National Bureau of Standards is given. Some of the more uoteworth5' 
accomplishments mentioned are: Establishment of the optimmum pH of 3.0, below which 
leather is not stable during storage; method for the quantitative determination of amino 
acids in collagen: measurement of the size and distribution of pores in leather; methods 
of impregnating leather with polymers; measurement of the physical constants of leather 
and other polymers; investigation of the tanning properties of synthetic organic com¬ 
pounds ; and the construction and design of special equipment for laboratory evaluation 
of performance. 

A list of publications by members of the National Bureau of Standards Leather Section 
staff pertaining to collagen, leather, and other polymers is included. 

I. Introduction 

The basic leatlier-forming constituent of animal 
skins is the white connective tissue, whicli consists 
mimarily of a complex protein called collagen. 
Leather is collagen whose resistance to hydrolysis 
and putrefaction has been increased by the action 
of tanning agents. 

The two types of materials most commonly used 
for tanning are the natural tannins found in the 
bark, wood, leaves, and fruits of certain trees and 
shrubs, and chromium salts. Other tanning 
agents used are iron, aluminum, zirconium salts, 
fish oils, formaldehyde, sulfite cellulose waste 
liquors, and synthetic organic compounds. 

Leather has certain inherent properties, such as 
higli resistance to stitch tear, good dimensional 
stability, water vapor permeability, and mold- 
ability, that make it highly desirable for the manu¬ 
facture of shoes, gloves, and other items of cloth¬ 
ing. Some physical properties of leather, such as 
tensile strength, flexibility, softness, abrasive're¬ 
sistance, and water absorption, can be controlled 
to a high degree by using skins of various types 
and origins and selecting a tanning and finishing 
process suitable to the end product. 

The application of scientific principles to the 
tanning of hides was not generally accepted until 
about the beginning of the twentieth century, 
^lost of tlie early research on leather by industrial 
and Government scientists was devotecl to measur- 
ing physical properties, standardizing test proce¬ 
dures, and improving the serviceability of leather, 
particularly for footwear. 

A broad program of leather research and devel- 
hpment, of interest to Government agencies and 
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private industry, was initiated at the National Bu¬ 
reau of Standards prior to World War I. The 
increased volume and importance of this work was 
recognized INIarch 1, 1926, by the formation of the 
National Bureau of Standards Leather Section. 

A knowledge of the structure of collagen, the 
leather-forming protein of hides and skins, and of 
the mechanism of tanning, is of direct industrial 
importance to the tanners, the shoe manufacturers, 
and all who are called on to appraise the properties 
of leather. The Bureau recognized the need for 
more basic information and has directed a large 
portion of the research work of the Leather Sec¬ 
tion toward fundamental studies of collagen, con¬ 
cepts of the mechanism of tanning, and measure¬ 
ment of the ])hysical and chemical properties of 
collagen and leather. The staff of the Leather 
Section has closely cooperated with the American 
Leather Chemists’ Association as active members, 
officers on the Council, and members of commit¬ 
tees, and it has published more than 80 research 
papers in the Journal of the American Leather 
Chemists’ Association. 

Other functions of the Leather Section are to 
advise and assist Government agencies on prob¬ 
lems related to the procurement of leather items 
and the identification and examination of articles 
made, in whole or in part, of leather. The Section 
also furnishes general information to the public 
on leather and miscellaneous leather products. 

International recognition of the work of the Bu¬ 
reau’s Leather Section was achieved in 1037 
[3.17]^ when the National Bureau of Standaials 

1 Figures in hnickets indicate the literature references al Ihe 
eiui of tiiis paper. 
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was re(|iiest(‘(l to lo'epare a report on the deteriora¬ 
tion of leather hy acid for incinsion in a Gennan 
treatise on the subject. JMeinhei's of the staff have 
])articipated in nieetino-s of tlie International 
thiion of Leather Chemists' Societies and visited 
lahoi’atories in Ln^land and on the Kuro]>ean con¬ 

tinent. Foreign students from Brazil, China, In¬ 
dia, Indochina, Jordan, Mexico, and Turkey, spon¬ 
sored by their respective governments, have been 
assigned to the Bureau to Avork on leather prob¬ 
lems and study the. organization ainl operation of 
the leather laboi-atory. 

II, Leather Research and Technology 

The ex])eriniental work yf the Leather Section 
may be classified undei- four categories: Proper¬ 
ties, development, serviceability, and test methods. 
The first of these relates to basic studies designed 
to investigate the physical and chemical proper¬ 
ties of leather and other polymeric materials. The 
data aGCumulated in the course of this Avork have 
both a practical and a theoretical value. The sec¬ 
ond category pertains to technological research 
and deA^elopment, and has resulted in the develop¬ 
ment of neAV ])rocesses for tanning, finishing, and 
treatments of leather for specific uses. The third 
category concerns the stability and serviceability 
of leather, and consists of a study of the mecha¬ 
nism of degradation and factors influencing serv¬ 
iceability. The fourth category, test methods, 
has resulted in the development of laboratory 
methods for the physical and performance char¬ 
acteristics of leather and chemical methods for 
analyzing leather and leathermaking materials. 
The folloAving section gives a brief synopsis of the 
research work under each subject. The numbers 
in brackets refer to the pertinent publications 
classified under the subjects listed in section III. 

1. Chemical and Physical Properties of 
Leather and Other Polymeric Materials 

a. Physicochemical 

ExtensiA^e studies of physical and chemical 
properties of collagen and leather have been car¬ 
ried out at the National Bureau of Standards. As 
a result of the complexity of the chemical and 
physical structure of the basic material, a combi¬ 
nation of both chemical and physical studies is 
carried out in some individual researches. This 
results in a large class of iiiA^estigations on proper¬ 
ties Avhieh cannot be classed as either purely chem¬ 
ical or purely physical, but as a combination of 
the two, which may be termed physicochemical. 

Studies that can be classed as physicochemical 
involve in most instances interactions of leather 
or collagen with water in some form. The strong 
adsorptive capacity of leather and collagen for 
water and Avater vapor and the importance of this 
adsorbed moisture on the properties of the leather 
has led to a series of studies on the adsorption and 
its variation Avith temperature, tannage, etc. [1.13, 
1.20]. Extensions of these studies are being made 
to study heats of wetting and the effect of various 
factors on the values obtained on leather and other 

libi-ous ])olymei's of interest (see Hg. 1). Then'-! 
lated factor of transfer of Avater vapor from a 
region of high humidity to one of loAver humidity, 
at Avhich leather excels, has been extensively inves-i 
tigated and led to theories concerning the media-1 

nism of this transfer [1.21]. Studies of the rataj 
of shrinkage [1.17] are another example of inves-i 
tigations on the role of the Avater-leather inter-i 
action. Extensive measurements have been made: 
on the swelling of leather, collagen, and moditiedi 
collagen in Avater and various solutions of interest 
[1.43]. _ ,| 

The ])hysical constants of fibers are of less iin- li 
mediate practical importance, but are of great 
value in understanding the complex nature of col¬ 
lagen and the processes involved in coiiA^erting col¬ 
lagen to leather. In general, studies of fiber con¬ 
stants are made under varying conditioirs of tan¬ 
nage, moisture content, temperature, comjAosition, 
etc., so that consideralrle information is obtained 
in such researches. 

For thermodynamic characterization of a ma¬ 
terial, data are required for density [1.11], e.x- 
pansivity [1.16], compressibility [1.25], ancl spe¬ 
cific heat. The latter three quantities and their 
variations Avith temperature are of prime im¬ 
portance in understanding and predicting the be¬ 
havior of any mateidal. These constants all have 
been and are continually being studied at the 
Bureau and, as expected in such measurements, 
interesting phenomena are uncovered that are 
being investigated further. Expansivity meas¬ 
urements, for example, uncoA^ered phenomena 
leading to studies of rates of shrinkage with re¬ 
sulting data on heats and entropies of activation 
[1.17]. Compressibility measurements at the high 
pressures required for solids involve techniques 
and equipment not Avidel,y understood. FoIIoat- 

ijrg designs perfected in other laboratories, equip¬ 
ment has been assembled and used to measure 
compressibilities, etc. [1.24]. The scarcity of 
such equipment and the importance of compressi¬ 
bility data have led to studies being conducted on 
other synthetic oi'ganic polymers of interest 
[1.25, 1.35] (see fig. 2). A number of other iu- 
A^estigations on materials of interest to other cli- 
Ausions of the Bureau [1.34, 1.36, 1.40] and the ' 
Geophysical Laboratory of the Carnegie Institu- j 
tion have been made [1.42]. Data on specific ! 
heats are uoav being accumulated in the course of ; 
basic studies on interactions of moisture and 
leather. 
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Calorimptric equipment in the Mineral Products Division used for determining tlie heat of wetting 
and specific lieat of coilagen and leather. 

PiGiiKE 2. Coiiipressihiliti/ measuronents at liiyh pressures on leather and other polymers 
bciny carried out in the Bureau’s Leather Section. 

The specimen is immersed in liquid in the massive vessel in the i^ress. A leakproof piston 
forced into the vessel by the press generates pressure by compressing the liquid and thereby subjects 
tlie specimen to hydrostatic pressure. Motion of the piston is followed by the dial gage and the 
pressure by the change of resistance of a coil of resistance wire mounted inside the vessel. All polymers 
studied yield compressibilities intermediate between those of crystalline solids and true liquids with 
natural fibrous polymers being less compressible than the syntlietics. 

Figure 1. Calorimeter. 
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b. Physical 

'I'lu'. purely physical properties or constants of 
a lihroiis material, siieli as leather, consist in gen- 
(M'al of 1 wo (list i net (plant it ies ; ()ne, which charac¬ 
terizes the material consisting of fibers plus voids, 
may he called the mati'ix value; the second, which 
pertains to the tibei’S alone, may be called the fiber 

value. 
The matrix values are obviously of immediate 

practical value to the user or jiurchaser of leather 
])ro(lucts, as these Avill largely govern the be- 
havioi- of leather in service. A number of studies 
of such properties have been carried out and de¬ 
signed to cover most practical situations in which 
leather 'has been used or use has been contem¬ 
plated. Such studies cover for example the fol¬ 
lowing subjects: Mechanical i)iuperties, such as 
tensile strength, stretch, tearing .strength, stiff¬ 
ness, bursting strength, rigidity, and flexural re¬ 
sistance [1.1, 1.29]; thermal properties involving- 
studies of shrinkage temperature, area stability, 
thermal conductivity [1.9, 1.13], etc.; electrical 
properties of resistance and dielectric constant 
[1.28], etc.; and structural propei'ties such as 
pore-size distribution in the fibers and leather. 

The determination of the pore-size distribution 
over a w’icle range of pore diameters by pressure 
porosimeter techniques has produced fundamental 
information concerning the physical and chemical 

■ 
structure and chai'acteristics of the matrix of ■ 
leather and collagen fibers, as well as the relative 
amounts of void spaces available for absoi-ption 
of tannins, impregnants, transfer of water vaixir. 
etc. [1.4(1]. Electron microscopy used to supple¬ 
ment this study gave information concerning the 
geometry of the fibrils. In figiu’e 3 (left), the 
spaces between lines of fibril contact are seen to he 
possible pore sites. In addition to these pores, 
there is a possibility of pores existing between the 
units of subfibrillar sti'ucture that are suggested 
by figure 3 (right). 

c. Chemical 

Skin collagen, being a natural fibrous protein, 
is a highly complex polymer that occludes e.\- 
traneous materials, such as fats, salts, and other 
proteins. Fundamental chemical studies of col¬ 
lagen have required investigation of methods of 
purification to remove extraneous materials and 
permit preparation of a chemically reproducible jm 
purified collagen [1.18]. 

The measurement of the electrophoretic prop- it 
erties of purified collagen [1.19], the changes in- 
ducecl by relatively simple chemical reactions, such ", 
as esterification, deamination, and various tanning "jj 
procedures, determinations of the combining » 
weights [l.T] and the reactive basic groups, the 
study of the amino acid structure by column and 

— , f 

pi 
Figure 3. Study of the fine structure of collagen. If 

ml 
• micrograpli of three collagen fibrils obtained from kangaroo tail tendon showing the periodic cross-striations of a 

typical fibril. Palladium shadowed 4 : 1. Right, Electron micrograph of a single collagen fibril obtained from kangaroo tail tendon | 
showing the substructure of a swollen fibril. Palladium shadowed 4 : 1. 
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Figure 4. Mohilitij measuremetit of collagen particles 
using horizontal electrophoretic cell. 

The Abramson electrophoresis cell permits the mobility of 
collagen particles to be determined in aqueous media at various 
pH values. The speed with which the particles traverse a 
known distance in the eye piece micrometer of the microscope 
is determined. The resistance unit on the right permits constant 
control of the field strength. Proroi a plot of mobility versus 
pH, the isoelectric point (pH of electrical neutrality) of the 
material is determined. 

paper cliromatograpliic techniques [1.3T], and the 
amide nitrogen content [1.38J of collagen and 
hide potvder have produced fundamental data that 
should be of great value in the determination of 
the structure of collagen and the mechanism of 
tanning (see fig. 4). 

2. Technological Research and Development 

a. Tanning Materials 

In 10:24 si survey liy the It. S. De]tartment of 
Commerce stated that 40 percent of the vegetable 
tanning materials consumed in the United States 
in 102d were imported. Further, it Avas pointed 
out that 09 percent of the chrome ore, used in the 
United States at that time, Avas imported. The 
potential value of a substitute tanning material 
to the national economy Avas recognized, and as a 
result the Bureau initiated research Avork on syn¬ 
thetic tanning materials. 

Representative syntans of various types Avere 
prepared from information aA’ailahle at that time 
and Avere evaluated by tanning tests. The I'esults 
Avere published in a series of papers [2.7 through 
2.10] and helped lay the foundation for the deA’el- 
opment of present day satisfactory syntans by 
industry. An iiiA^estigation of the tanning prop¬ 
erties of sulhte cellulose [2.11], a byproduct of 
the paper industry, demonstrated that this mate¬ 
rial could be used in conjunction Avith A^egetable 
tanning extracts. Later, during World War II, 

it Avas shoAvn that iron conld be snbstituted for 
chromium during an emergency [2.14]. 

b. Oil Treatments 

1 luring World War II, leather and tanning ma¬ 
terials Avere on the strategic list. The Army 
Quartermaster Corps, recognizing the need for 
conservation, sponsored a research pi'oject at the 
Bureau on inqiroving the stability and service¬ 
ability of leather and the development of test 
methods for military items. An oil treatment Avas 
soon developed, Avhich Avhen applied to sole leather 
gave a significant increase in Avear [2.15]. The 
War I’roduction Boaial recommended this treat¬ 
ment for all civilian sole leather. 

c. Impregnated Leather 

Research on improving the serviceability of 
leather Avas continued after the Avar and a more 
recent development, sponsored by the Department 
of the Nav^y, in Avhich leather is imjiregnated with 
])olymers has resulted in substantial improvement 
in the Avearing quality and Avater resistance of sole 
leather [2.18, 2.20] (see fig. 5). Leather, be¬ 
cause of the tightly AvoA^en condition of the na¬ 
tural fibers of which it is composed, acts under 
certain conditions as an efficient filter, and this 
pro])erty limits the materials that may be used 
as impregnants. Early attempts to use certain 
solutions of commercial polymers as impregnants 
were not successful, and research Avork Avas di¬ 
rected toAvards impregnating the leather Avith 

Figure 5.—Service tests of sole leather. 

Soles, cut from the same location on opposite sides of a hide, 
one side of wliicli is finished as commercial sole leather, are 
attached to shoes and worn until a small hole appears in one 
sole. The relative wear is calculated from the original thick¬ 
ness The pair of soles pictured is t.vpical of such a test. Tlie 
sole on the liottom was cut from a commercial sole leather tan¬ 
nage, the one on the top was cut from a side of leather liglitly 
tanned and impregnated with rubber. 
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Figure 6. Leather impregnation studies by electron microscopy. 

Left, Electron micrograph of a single collagen fibril obtained from the center split of tanned crust leather. Chromium shadowed 
4 ; 1. Right, Electron micrograph of a single collagen fibril obtained from the center split of tanned crust leather after impregnation 
with natural rubber. Chromium shadowed 4:1. 

monomers and polymerization in situ [2.18]. As 
a result of other research work on the pore-size 
distribution in leather and particle-size distribu¬ 
tion in rubber latex [1.39], it became apparent 
that leather could be impregnated by soaking the 
crust leatlier (tanned, but not finished) in solu¬ 
tions.of specially prepared or selected commercial 
polymers [2.23]. The extent of impregnation of 
the leather matrix Avith solutions of rubber Avas 
studied with the aid of electron microscopy. 

The characteristic collagen striations of the fibril 
persist even after tanning, and figure 6 (left), 
shoAvs the sharp periphery and cross striations 
observed in shadoAved fibrils of leather. On im¬ 
pregnation with rubber, the distinguishing fea¬ 
tures of the fibrils are hidden by a rubber film, as 
shoAvn by the shadowed fibril of figure 6 (right). 
The holes observed in the background of figure 
6 (right), are probably formed in the preparation 
of the specimen for electron microscopy and are 
further indications of a rubber sheath. 

3. Stability and Serviceability 

a. Deterioration 

The deterioration of leather and its useful life 
is a function of its environment, usage, and tan¬ 
nage. InA'^estigations of the mechanism of deg¬ 
radation have shown that highly ionizable acids, 
Avhether added in the tanning or finishing processes 

of leather manufacture or absorbed from the sur¬ 
rounding atmosphere, are a major factor in 
deterioration. 

The Bureau made a thorough study of the effect 
of acid on leather and published a series of re¬ 
search papers on the subject. Some of the results 
of major importance of this investigation Avere 
the development of a standard procedure for de¬ 
termining acidity [4.6] and the determination of 
the optimum y)H, IdoIoav Avhich leather could not 
be expected to maintain its properties during pro¬ 
longed storage [3.8]. Oxygen, moisture, temper- 
atui’e, and the catalytic effect of traces of copper 
and iron salts in the leather are contributing fac¬ 
tors in deterioration and haA^e been the subject of 
research [3.10, 3.19, 3.22]. 

b. Fungusproofing Studies 

Prior to World War II mildew on leather 
AA’as considered of relatively minor importance 
and little effort was made to prevent its 
groAvth. HoAvever, the military forces stationed 
in tropical areas soon found that the groAvth of 

. mildeAv on numerous items of equipage was a se- 
I'ious problem. As a result, the Army sponsored 
a project at the Bureau for the development of 
fungicidal treatments and test methods. 

These studies shoAved that the princix^al effect of 
mildew on leather, other than appearance and psy¬ 
chological effect on the observer, was the removal 



Figure 7. MiJdewproofinij of leather. 

The pair of service boots pictured rvas stored under tropical 
conditions for several months. Before storafre. the hoot which 
is free from mildew was treated with a fun.nicidal formulation 
developed at this Bureau. The other hoot, covered with mildew, 
had received no mildewproofing treatment. 

of greases, causing- stiifness and loss in strength 
[3.25, 3.27]. As a result of this investigation, a 
specification for the fungicidal treatment of 
leatlier was prepared [5.33] and quantitative 
methods for the determination of fungicides in 
leather were developed [5.21, 4.26] (see fig. 7). 

4. Test Methods 

sill- developiiient of physical and chemical test 
i' methods and testing eqnijnnent for leather, leather 

, '' products, and leathermaking materials to be used 
■, in procurement specifications and in evaluation 

'.fi and development work lias been a major phase of 
the work on leather at the Bureau (see figs. 8 
and 9). 

ii' The accurate determination of moisture in 
“ ^. leather has long been a serious problem to ana- 
™ ijj lysts, as the results for all other chemical constit- 

uents are expressed on the oven-dry basis. ABS 
research [4.11] showed that control of the atmos- 

P** [; pheric humidity in the drying oven would permit 
moisture determinations to be made with a pire- 

® - p cision indicated by an average deviation of a single 
'■i observation of 0.03 percent. This method has 
j-p been adopted as the ultimate standard in Federal 

!:'l Specifications [5.21]. 
ler ■ Because the properties of leather A-ary consid- 
ice'i erably over the area of a hide, it is important that 

the sample for test represent as nearly as possible 
the average for the hide [4.18]. A particularly 

of r!® noteworthy contribution was made to the sampling 
;e- of side upper leather. The selection of the sain¬ 
ed :■ pling location was based on the correlation be- 
of I' tween the value obtained for a specific test from a 

specific location and the average for that test in 
of7 A the corresponding side. The most suitable loca- 
T- I tion on a hide for sampling, for all tests required 
111 1 in acceptance testing, was determined. 

Figure 8. Abrasion ntuchine. 

The variety of conditions to which shoes are exposed in use, 
such as temperature, moisture, and walkway surfaces, pre¬ 
cludes the use of a single laboratory test to determine perform¬ 
ance. Resistance to abrasion is one factor in evaluating service- 
aliility and is used to determine the relative vaiue of new products 
and treatments. 

Figure 9. Flex-tension machine. 

Tile flexibiiity of leatiier is not appreciably affected by extreme 
temperature changes such as may be encountered in service, and 
its resistance to tlexural fatigue under normai conditions of 
use is very high. To evaluate this iiroperty in a reasonable time, 
the lireakdown is accelerated by repeated bending of the speci¬ 
men around rollers at a predetermined angle of bend and tension. 
Tlie machine pictured is one of several that have been designed 
in the Leather Section of the X-ational Bureau of Standards to 
evaluate performance cliaracteristics of leatiier. 

Bei'foi'inance re(]uirenients are often more in¬ 
dicative of the serviceability of a product than 
chemical or physical properties. Some of the test 
methods and apparatus Avhich lun-e been deA’el- 
oped under this category include abrasive resist¬ 
ance of heavy leather [4.8], flex life [4.27]. accel¬ 
erated aging [3.22], luggage performance [2.19] 
Avater penetration [1.14], and compressibilitA’ 
[1.12]. 
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5. Federal Specifications 

The First Federal Specification for leather. 
United States Government Specification for 
Ijeather Belting, was adopted by the Federal 
Specifications Board, July 1922, as Standard 
Specification No. 37 and was printed, October 
1923, as National Bureau of Standards Circular 
148. Since that time, 36 specifications for leather 
and leather products have been promulgated. 
These specifications were prepared by the Leather 
and Leather Products Committee, Federal Speci¬ 
fications Board. 

The Federal Specifications Board has recently 
been abolished and an assigned agency system for 
the preparation of Federal Specifications adopted 
by the General Services Administration. The 
Ilepartment of Commerce has been assigned the 
responsibility for the preparation of most of the 
Federal Specifications for leather and leather 
products and the National Bureau of Standards 
has been designated as the preparing activity 
responsible for their development. Normally, 
coordination of Federal Specifications for leather 
Avith industry and the Government is on an indi¬ 
vidual basis. However, if the Bureau desires 
group assistance, advisory groups may be set up 

for a ])articular specification or similar specifica- 
tions, with the concurrence of tlie General Serv¬ 
ices Administration. ' 

Copies of Federal Specifications and the Inde.x i j 
of Federal Specifications and Standards may be 
obtained upon application accompanied by check, I 
money order, cash, or Government Printing Of- | 
fice coupons, to the General Services Adminis- i 
tration. Business Service Center, Legion 3, j 
Seventh and I) Streets, S. W., Washington 25, I 
D. C. That office will also honor deposit account ^ 
numbers issued by the Government Printing Of- f 
fice. Prices may be obtained from the Index of j 
Federal Specifications and Standards or from || 
the General Services Administration Regional i 
Offices. AVhen ordering Federal Specifications, | 
the classification symbol and the title of the sped- Sj 
fication should be stated. Single copies of prod- 1 
net specifications required for bidding purposes | 
are available Avithout charge at the General | 
Services Administration Regional Offices in At- tt 
lanta, Boston, Chicago, Dallas, Denver, Kansas I 

City, Mo., Los Angeles, New York, San Fran- | 
cisco, Seattle, and Washington, D. C. A list of * 
Federal Specifications for leather and leather I 
products is given in section III. | 

III. Bibliography 

The National Bureau of Standards publications 
listed in sections 1 to 4, inclusiA^e, and 6 liaA^e ap- 
peai’ed in the Bureau regular series or in the sci¬ 
entific and technical journals cited. A list of 
Federal Specifications for leather and leather 
products is given in section 5. 

For papers and publications not printed by the 
Government, the name of the journal or of the 
organization publishing the article is giA^en in ab- 
breAuated form, with the Amlume number, page, 
and year of publication, in the order named. In¬ 
formation regarding their availability and prices 
can be obtained only from the publisher or organi¬ 
zation sponsoring the publication. Reprints of 
these articles are not available from the Govern¬ 
ment Printing Office. Those marked Avith an as¬ 
terisk may be secured Avithout charge by address¬ 
ing the Leather Section, National Bureaii of 
Standards, Washington 25, D. C. 

Publications marked (OP) are out of print and 
are consequently no longer available. They may 
in general be consulted in technical and public 
libraries. Where the ]U'ices of GoATrnment pub¬ 
lications are given, they may be purchased from 
the SujAerintendent of Documents, IT. S. GoA’ern- 
ment Printing Office, Washington 25, D. C. 
Single copies of Research Papers, beginning with 
number 2399, are not aA'ailable for sale, but the 
Superintendent of Documents Avill reprint 100 or 
moi’e copies, and request for the ]Aurchase price 
should be mailed promptly to that Office. 
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[1.4] John Beek, Jr., Combining weight of collagen, .J. 
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phoresis of collagen. J, Research NBS 23, 271 
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[1.10] John Beek, Jr., The carbohydrate content of col¬ 
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J. Research NBS 38, 119 (1947) RP1763 (lOd) : 
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of leather by water under dynamic conditions, 
J. Am. Leather Chemists’ Assoc. 43, 69 (1948). 

[1.15] Charles E. Weir, Effect of temperature on the 
volume of leather and collagen, J. Research NBS 
41,279 (1948) RP1924 (100). 

[1.16] Charles E. Weir, Expansivity of leather and col¬ 
lagen : the effect of temperature on the volume 
of leather and collagen in water, J. Am. Leather 
Chemists’ Assoc. 44, 79 (1949).* 

[1.17] Charles E. Weir, Rate of shrinkage of tendon 
collagen: heat entropy and free energy of ac¬ 
tivation of the shrinkage of untreated tendon: 
effect of acid, salt, pickle, and tannage on the 
activation of tendon collagen, J. Am. Leather 
Chemists’ Assoc. 44, 108 (1949) ; J. Research 
NBS 42,17 (1949) RP1947 (100). 
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Chemists’ Assoc. 44, 442 (1949)*; J. Research 
NBS 43, 29 (1949) RP2001 (100). 
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Factors affecting the water vapor permeability 
of leather. J. Am. Leather Chemists’ Assoc. 45, 
211 (1950) ; J. Research NBS 44, .347 (19.501 

RP2082 (100). 
[1.22] Charles E. Weir. AValter H. Leser, and Lawrence 

A. Wood. Cr.vstallization and second-order 
transitions in silicone rubbers, .7. Research NBS 
44, .367 (19.50) RP2084 (100) ; Rubber Chem. 
and Technol. 24, 366 (1951). 

[1.23] Charles E. Weir and Thomas .7. Carter. Rate of 
shrinkage of tendon collagen : further effects 
of tannage and liquid environment on the ac¬ 
tivation constants of shrinkage, J. Am. Ijeather 
Chemists' Assoc. 45, 421 (19.50)*; J. Research 
NBS 44, .599 (19.50) RP2106 (100). 

[1.24] Charles E. AVeir, High pressure apparatus foi- 
compressiliility studies and its application to 
measurements on leather and collagen. .7. Re¬ 
search NBS 45, 468 (19.50) RP2160 (lOc). 

[1.25] Charles E. AA'eir. Compressiliility of natural and 
synthetic high polymers at high pressures. .7. 
Research NBS 46, 207 (1951) RP2192 (100). 

[1.26] II. S. Yoder and Charles E. AA'eir. Change of free 
energy with pressure of the reaction nepheline 
+alhite=2 .jadeite. Am. .7. Sci. 249, 683 (1951). 

[1.27] Charles E. AA'eir, Physical and physico-chemical 
constants of leather and collagen. J. Soc. 
Leather Trades’ Chemists 36, 155 (1952).* 

[1.28] Charles E. AA'eir, Influence of temperature and 
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[1.42] Charles E. AA'eir, Compressibilities of crystalline 
and glassy modifications of selenium and glu¬ 
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at high pressures. J. Research NBS 54, 37 
(1955) RP2.562.* 

[1.46] R. R. Stromberg, Pore-size distribution in collagen 
and leather by the piorosimeter method. J. Re¬ 
search NBS 54, 7.3 (1955 ) Rl’2567.* 

[1.47] Alax Swerdlow and Robert R. Stromberg, Collagen 
pores determined liv electron microscopv, J. 
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*See page 12. 
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for measuring: the relative wear resistance of 
sole leatlier with results obtained with leather 
from different parts of the hide, Teclin. l>ap. BS 
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.T. Am. Leather Chemists' Assoc. 40, 12 (1945) ; 
.1. Research NBS 34, .33 (1945) RP1626 (100). 

[2.17] .Joseph R. Kanagy. Arbelia M. Charles, and Ed¬ 
ward Abrams, Development of a fungicidal 
dressing for leathers, J. Am. Leather Chemists’ 
Assoc. 43, 14 (1948).* 

[2.18] Rene Oehler and Timothy J. Kilduff, Treatment of 
leather with synthetic resins, J. Research NBS 
42 , 63 (1949) RP1951 (100) : J. Am. Leather 
Chemists' Assoc. 44,151 (1949). 

[2.19] Edward T. Steiner, Robert B. Hobbs, and Eliza¬ 
beth R. Hosterman, Jjaboratory and service 
tests on hand luggage. Department of Com¬ 
merce, National Bureau of Standards Miscel- 
laneoxrs Publication (1949) M193 (150) • 

[2.20] Rene Oehler, Timothy J. Kilduff, and Sverre^Dahl, 
Treatment of leather with Castilloa and Hevea 
rubbers. J. Am. Jjeather Chemists’ Assoc. 45, 
349 (1950).* 

[2.21] Edward T. Steiner and Elizabeth R. Hosterman, 
Aging of karakul and seal fur skins, J. Am. 
Leather Chemists’ Assoc. 45, 579 (1950).* 

[2.22] Robert B. Hobbs, Service tests of boys’ shoes, 
American Shoemaking 222, Nos. 6 and 7 (Eeb. 
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[2.2.')] Rene Oehler, Sverre Dahl, and Timothy Kilduff, I 
Treatment of leather with polyisolnitylene, J. 
Am. Leather Chemists’ Assoc. 47, 642 (1952). 

[2.24] Rend Oehler and Joseph R. Kanagy, Impregnation 9 
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[2.251 liene Oehler, Method of impregnating leather with « 
rubber composition, U. S. l‘atent No. 2,647,844 f 

[2.26] Rene Oehler, John H. Davis, and Raymond A. ‘ 
Kinmonth, A pilot-plant study of the process for j 
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other polymers, J. Am. Leather Chemists’ 
Assoc. 50, 16 (1955).* ! 

[2.27] John H. Davis and Rene Oehler, Alethod for re- 
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leather, J. Am. Ijeather Chemists’ Assoc. 50, 
38 (19.55).* 

3. Stability and Serviceability 
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Ijeather Chemi.sts’ A.s.soc. 14, 128 (1919). 
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greases, and degree of tannage on the physical 
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[3.3] Roy C. Bowker, The deterioration of chestnut and 
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J. Am. Leather Chemists’ Assoc. 26, 444 (1931). 
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and quebracho tanned leathers by sulphuric 
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deterioration of leather by sulphuric acid as j 
influenced by tanning with blends of chestnut ; 
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fluence of piH on the deterioration of vegetable- 
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influence of sodium chloride and magnesium 
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temperature on the deterioration of leather con¬ 
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terioration of ve.getable-tanned leather by oxalic 
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R. Kanagy, Influence of magnesium sulphate 
on the deterioration of vegetable-tanned leather 
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A.S.SOC. 30, 93 (1935).* 
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_^soc. 30, 311 (19.35).* 

*See piage 12. 

10 



[3.14] 
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acid, Stiasny Festschr. Eduard Roether (1937), 
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elevated temperatures, J. Research NBS 27, 
257 (1941) RP1418 (OP) : J. Am. Leather 
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[4.21] Joseph R. Kanagy, Studies on shoe fillers. J. Am. 
Leather Chemists’ Assoc. 46, 366 (1951).* 

[4.22] H. B. Merrill, S. Dahl, R. M. Dollar, H. L. Ellison, 
and A. N. Kay, The determination of hide sub¬ 
stance in leather, J. Am. Leather Chemists’ 
Assoc. 47, 37 (1952). 

[4.23] C. W. Mann, John Mandel, Mary N. Steel, and 
Joseph R. Kanagy, Sampling of side u)iper 
leather II, J. Am. Leather Chemists' Assoc. 47, 
3.52 (19.52).* 

[4.24] E. B. Randall, C. W. IMann, J. R. Kanagy, and 
John Mandel, Study of the burst test as applied 
to military ui)per leather, J. Am. Leather Chem¬ 
ists' Assoc. 48, 84 (1953).* 

*See page 12, 
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[4.25] Robert B. Hobbs, Note on the indentation of 
heavy leather, J. Am. Leather Chemi.sts’ Assoc. 
48,349 (1953).* 

[4.26] Sverre Dahl, Colorimetric determination of tetra- 
chlorohydroquinone. Anal. Chem. 25, 1724 
(1953).* 

[4.271 Thomas J. Carter and .Joseph R. Kanagy, A flex 
tension test for leather, J. Am. Leather Chem¬ 
i.sts’ Assoc. 49, 23 (lt)54) .* 

[4.28] Sverre Dahl, Effect of sample i)reparation on pre¬ 
cision in the hide substance determination, .1. 
Am. Jjeather Chemists’ Assoc. 49, 515 (1!)54).* 

5. Federal Specifications 

[5.1] Aprons; leather, blacksmiths’, KK-A-606 (5^). 
[5.2] Bags; hand, leather, KK-B-50 (5^). 
[5.3] Belting; flat, leather vegetable-tanned, KK-B-201 

(5«J)- 
[5.4] Belting; round, leather, vegetable-tanned, smooth, 

IvK-B-211 (5^). 
[5.5] Cases; brief, leather, IvK-C-121 
[5.6] Dressing; leather, transmission belt, KK-D-636 

iH)- 
[5.7] Envelopes; leather, KK-B-561 (5^). 
[5.8] Gloves; leather, gauntlet, linesmen’s KK-G-476 

(5«i). 
[5.9] Gloves; leather, gauntlet, welders’ KK-G-486 (5(i). 
[5.10] Holsters; pistol, leather, KK-H-566 (5«(). 
[5.11] Leather; bag and case, KK-L-154 (5^). 
[5.12] Leather, chamois, sheepskin, oil-tanned (Interim 

Fed. Spec., Revision 1), KK-L-167 (5^). 
[5.13] Leather; deerskin, chrome-tanned, IvIv-L-168 

(5<i). 
[5.14] Leather; garment, horsehide, chrome-tanned, I^K- 

L-169 (SV'). 
[5.15] Jjeather; goatskin, chrome-tanned, KIv-L-170 

iH). 
[5.16] Leather; harness, black and russet (vegetable- 

tanned), KK-Ij-171 (5(^). 
[5.17] Leather ; hydraulic-packing, mineral-tanned, KK- 

1^177 (5(1). 
[5.18] Leather; hydraulic-packing, vegetable-tanned 

KK-D-181 (5«‘). 
[5.19] leather; lace, KK-L-201 (5^). 
[5.20] Leather; lambskin, formaldehyde-tanned, KK-L- 

205 (5(1). 
[5.21] Leather; methods of sampling and testing, KK- 

L-311 (SS^i). 
[5.22] Leather; packing, chrome-vegetable retaniied, 

KK-L-231 (5^). 
[5.23] Leather; rigging, KK-Ij-241 (5^). 
[5.24] Leather; sheepskin, chrome-tanned, KK-L-254 

(S^f). 
[5.25] Ijeather; sole (cut, outer, and top-lift, vegetable- 

tanned factory), KK-L-261 (5V). 
[5.26] I^eather; strap, black or russet, IvK-L-271 (5^). 
[5.27] Leather; upholstery, KK-L-291 (5^). 
[5.28] Palms; sewing (sailmakers’ and saddlers’), KK- 

P-91 (5^). 
[5.29] Satchels; leather, physicians’, K:K-S-151 (5#). 
[5.30] Skins, chamois, KK-S—416 (5(1). 
[5.31] Strops, razor; leather, KK-S-756 (5^). 
[5.32] Welting; leather, shoe, I'CK-W-231 (10^). 
[5.33] Leather dressing; mildew-preventive, O-L-164 

(5(0. 

[5.34] Polish; shoe, paste, P-P-567 (5^). 
[5.35] Soap, saddle, P-S-609 (5(‘). 
[5.36] Dressing; leather, transmission belt, TT-D-636 

(5(1). 

6. Miscellaneous Publications 

[6.1] P. Jj. Wormley, The work of the Bureau of Stand¬ 
ards in leather, J. Am. Leather Chemists’ Assoc. 
13, 367 (1918). 

[6.2] Roy C. Bowker, Organ and piano leathers, Ijeather 
Mfr. 31, 2.59 (1920). 

[6.3] Roy C. Bowker and Everett L. Wallace, Sampling 
of leatlier for chemical analysis, .7. Am. Leather 
Chemists’ Assoc. 17, 217 (1922). 

[6.4] Roy C. Bowker, Polishing leather for cutlery. Am. 
Cutter (Feb. 1925). 

[6.5] Roy C. Bowker, Increasing tlie wear of sole leather. 
Hide and Leather (Oct. 1925). 

[('».6] Roy C. Bowker, Analysis of polishing wheel leather. 
Abrasive Ind. (Jan. 1926). 

16.7] Roy C. Bowker and Everett L. Wallace, Report on 
the effect of acids on leather, J. Am. Leather 
Chemists’ Assoc. 23, 82 (1928).* 

16.8] Roy C. Bowker, The supply of chestnut wood ex¬ 
tract for tanning purpo.ses. Hide and Leather 
(Dec. 1930). 

[6.9] Roy C. Bowker, Some physical properties of fur- 
seal skins, J. Tech. Assoc. Fur. Ind. 2, 34 (1931). 

[6.10] Roy C. Bowker and Everett L. Wallace, Com¬ 
ments on the Procter and Searle method for 
determining the acidity of vegetable-tanned 
leather, J. Am. Leather Chemists’ Assoc. 29, 
623 (1934).* 

[6.11] AVarren E. Emley, Effect of acid on leather—a 
summary, J. Am. Leather Chemists’ Assoc. 30, 
621 (1935).* 

1 6.12] Roy C. Bowker, Apparatus for testing coated fab¬ 
rics, Rayon Textile Monthly 28, 57 (1987). 

[6.13] AVarren E. Emley, Methods for measuring physi¬ 
cal properties of leather and method of prepar¬ 
ing samples of leather for analysis, J. Am. 
Leather Chemists’ Assoc. 32, 418 (1937). 

[6.14] Roy C. Bowker, Shoe constructions, NBS Circular 
(1938) C419* (10(i). 

[6.15] Dorothy Jordan Lloyd, Roy C. Bowker, Fred 
O’Flaherty, J. Gordon Parker, and Everett L. 
AVallace, The physical properties of sole leather, 
J. Intern. Soc. Leather Trades’ Chemists 23, 
461 (1939). 

16.16] Roy C. Bowker and H. J. McNicholas, Note on the 
evaluation of ledther by means of the X-ray 
diffraction patterns, J. Am. Leather Chemists’ 
Assoc. 34, 101 (1939).* 

[6.17] Roy C. Bowker (Chairman), Report of the ALCA 
Committee on the Determination of pH in Tan¬ 
nery Practice, J. Am. Leather Chemists’ Assoc. 
34, 380 (1939).* 

[6.18] Roy C. Bowker and Everett L. Wallace, Stability 
of leather as indicated by diifereut Procter and 
Searle values, J. Am. Leather Chemists’ Assoc. 
34, 551 (1939).* 

[6.19] Roy C. Bowker, National Bureau of Standards 
experimental tannery. Hide and Leather and 
Shoes 97, No. 23 (1939). 

[6.20] Everett L. AA^allace, Performance tests for leather. 
Hide and Leather and Shoes 102, No. 3 (1941). 

[6.21] Robert B. Hobbs, Variation in the quality ratio 
for tests of sole leather in service, J. Am. 
Leather Chemists’ Assoc. 40, 348 (1945).* 

[6.22] Yuh-Chih AA^ang, The leather industry in China, 
Hide and Leather and Shoes 114, No. 2, 15 
(1947).* 

[6.23] John Lamb and .Joseph R. Kanagy, The use of 
synthetic shoe soles in the United States,, The 
Times Rev. of Ind. (London) 4, No. 43, 74 
(1950). 

[6.24] Robert B. Hobbs, Present status of standards for 
shoe last sizes, J. Natl. Assoc. Chiropodists 40, 
No. 10, 30 (1950).* 

[6.25] Robert B. Hobbs, Federal Specifications, Leather 
and Shoes 120, No. 23,10 (1950). 

[6.26] Robert B. Hobbs, The organization of a national 
shoe research institute. Leather and Shoes 123, 
No. 1 (1952). 

[6.27] Joseph R. Kanagy, Notes on International Union 
meeting. Leather and Shoes 123, 23 (1952). 

*Reprints of these articles are not available from, the Govern- 
ment Printing Office, but may be secured without charge by 
.addressing the Leather Section, National Bureau of Standards. 
Washington 25, D. C. 
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IV. Other Government Sources of Information 

Several other agencies of the Federal Govern- 
nient issue publications on leather. While these 

! are too numerous to be listed here, the following 

i sources may be indicated: 

DEPAETMENT OF COMMEKCd^ 

II' Office of Technical SmvicES 

Commercial Standards establish standard qual¬ 
ity requirements, methods of test, rating, certifica¬ 
tion, and labeling of commodities, and provide uni¬ 
form bases for fair competition. They are devel¬ 
oped by voluntai-y cooperation among manufac¬ 
turers, distributors, consumers, and other interests, 
upon tlie initiative of any of these groups, through 
a regular procedure of the Commodity Standards 
Division. The procedure is explained in a pam¬ 
phlet entitled “Voluntary Standards Adopted by 
the Trade,” obtainable free of charge from the 
Commodity Standards Division, Office of Techni¬ 
cal Services, Department of Commerce, Washing¬ 
ton 25, D. C. A list of Commercial Standards is 
given in Commercial Standards Classified List, 
Eevised to February 1, 1965, Catalog No. 978. 

I Simplified Practice Recommendations. These 
'publications relate to the reduction of excessive 
variety of manufactured products, or of methods. 
Simplified Practice Eecommendations are devel¬ 
oped by voluntary cooperation among manufac¬ 
turers, disti'ibutors, consumers, and other 
interests, upon the initiative of any of these groups, 
through a regular procedure of the Commodity 
Standards Division. A list of recommendations 
is given in Simplified Practice Eecommendations, 
Alphabetical List Eevised to February 1, 1951, 
Catalog No. 979. 

Copies of the following pertinent Simplified 
Practice Eecommendations or Commercial Stand¬ 
ards may be consulted in public and college li¬ 
braries, or may be purchased from the Superin¬ 
tendent of Documents, United States Government 
Printing Office, Washington 25, D. C., at the prices 
indicated. 

Luggage (trunks and suitcases), Simplified Practice 
Recommendation R21o^6 (5(i). 

Materials for safety wearing apparel (second edition), 
Commercial Standard CS129-47 (5^). 

Work gloves (with supplement). Commercial Standard 
CS13n-47 (10(?). 

Bureau of the Census 

Census of Manufacturers: Volume I, General Summary 
(1949), Volume II, Statistics by Industry (1949), Volume 
III. Statistics by States (1949). 

Bureau of Foreign Commerce 

Foreign Commerce Weekly, Trade Promotion Series. 
Publi.shed weekly. (Information on leather and related 
Itroducts; exports, imports, foreign markets, international 
trade.) 

Office of Technical Services 

Newsletter. Published monthly. (Notice of Publica¬ 
tions Board and foreign technical i-eports, tbeir price and 
availalnlit5'; includes leather in some issues.) 

Office of Business Economics 

Survey of Current Business. Published monthly. (In¬ 
cludes statistics related to the leather industry in some 
issues.) 

Business and Defense Services Administration; 

IjEATHias, Shoes, and Allied Products Division 

The Administration handles all commercial 
problems for foreign and domestic relating to pro¬ 
duction, distribution, and sales of leather, shoes, 
and allied products. 

Higher World Production and Consumption of Leather 
Footwear, December 1953. (Business Information Serv¬ 
ice.) (Available from the Superintendent of Docmuents, 
price 10^.) 

FEDEEAL TEADE COMMISSION 

Trade Practice Rules for the Luggage and Related 
Products Industry, September 17, 1941. 

Rules and Re.gTilations under the Fur Products Label¬ 
ing Act, August 9, 1952. 

DEPAETMENT OF THE AIE FOECE 

Index of Specifications and Bulletins approved for U. S. 
Air Force Procurement, October 1, 1953. Issued every G 
months. (Headquarters Air Materiel Command, Wright- 
Patterson Air Force Base, Dayton, Ohio. Issued only to 
authorized persons.) 

DEPAETMENT OF THE AEMY 

Index of Specifications. (Includes MIL and JAN Speci¬ 
fications.) October 1,1953. Issued every 6 months. (For 
sale by the Superintendent of Documents, Government 
Printing Office, Washington 25, D. C.) 

DEPAETMENT OF THE NAVY 

Index of Specifications used by the Navy. Navsanda 
publication No. 62. Issued quarterly. (Copies of the 
Index, Part I and unclassified specifications and stand¬ 
ards listed therein, and all military specifications in 5000 
and 61100 series on leather may be obtained from the 
Bureau of Supplies and Accounts, Department of the 
Navy, Washington 25, D. C.) 

DEPAETMENT OF AGEICULTUEE 

Eastern Utilization Research Laboratory, 
Philadelphia 18, Pa. 

Issues research papers on hides, tanning ma¬ 
terials, and leather; Farmers’ Bulletins on Shoes, 
Home Tanning, and others. A list of publica¬ 
tions and methods of obtaining them may be se¬ 
cured from the Laboratory. 

A complete list of Government periodicals for 
which subscriptions are taken is published by the 
Superintendent of Documents, Government Print¬ 
ing Office, Price List 36, 76th edition, November 
195-1, and is obtainable gratis from that office. 

Washington, April 15, 1955. 
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